Seasonal occurrence of six ostracod species (Psychrodromus olivaceus, Potamocypris villosa, Ilyocypris inermis, Candona candida, Candona neglecta, and Cypridopsis vidua) varied from May 2003 to June 2004 in three types of spring (Limnocrene, Helocrene, Rheocrene). When I. inermis was only found in the limnocrene spring each month, P. olivaceus was common in all types of springs. The other four ostracods were found in the helocrene spring in fall, winter, and spring seasons. The unweighted pair group mean averages dendrogram separated three main clusters. The first cluster includes two species (C. vidua, C. candida) while I. inermis was found in the second cluster and P. olivaceus, C. neglecta, and P. villosa were found in the third. The occurrence of P. olivaceus and C. neglecta and P. villosa and C. candida was strongly correlated to each other (r ¼ 0.750 and 0.850, respectively). The Pearson correlation analyses showed a strong negative relationship between C. neglecta and water temperature (r ¼ À0.607), but other species did not show any significant correlation to any of the environmental variables used (P40.05). Canonical correspondence analyses (CCA) displayed all species closer to the center of the dendrogram, indicating high levels of species tolerances to environmental variables. Thus, the first axis of the CCA diagram explained 80% of the relationship between six species and five environmental variables.
Introduction Hynes (1970) defined three types of spring: helocrene, limnocrene and rheocrene. In a helocrene spring, water seeps out off the ground slowly and is usually temporarily confined to small holes or ditches. Thus, these shallow springs are profoundly affected by seasonal and temporal changes. In limnocrene springs, however, water comes out of the ground and creates a pond at the source, before flowing out slowly. The pond is usually deeper than in helocrene springs, so that water is permanent in limnocrene springs. Conversely, there is no pond or pool formation in rheocrene spring, where water flows away on the streambed. Such physical differences amid these springs also cause differences in chemical and biological structure in each type, resulting different species assemblages. As regards, the observation of the ostracods assemblage in the long term not only provides detailed knowledge about ecological and biological characteristics of these springs, but also provides information on the relationship between ecological conditions and species habitat preferences. Therefore, interpretation of such data results a better understanding of the effects of the environmental factors (e.g. anthropogenic factors) on the ecological requirements of the species.
Springs are unique aquatic environments because of having almost constant physical and chemical conditions all year around (Hynes, 1970; Ku¨lko¨ylu¨og˘lu, 1999; Ku¨lko¨ylu¨og˘lu & Vinyard, 1998 Sa¨rkka¨, Levonen, & Mä kela¨, 1997) . Such stable characteristics provide species-specific conditions, in which it is expected to see certain kinds of species diversity and life cycles. Therefore, any changes in species assemblages (e.g. presence or absence) may be interpreted as the effects of external factors (i.e. anthropogenic factors) or species introduction to these habitats. On the other hands, species diversity can also be dependant on the types of springs since each type has its own specific conditions (Sa¨rkkaë t al., 1997). However, due to lack of knowledge on both characteristics of springs and species habitat preferences, interpretation of species presence and absence (binary data) may not be meaningful (Ku¨lko¨ylu¨og˘lu & Vinyard, 1998) .
Class Ostracoda is diverse and a widespread group in the world but one in which most species are sensitive to the changes in environmental conditions. Therefore, they can be used as bioindicators to determine water quality, spatial and temporal changes in environment (Ku¨lko¨ylu¨og˘lu, 2004; Ku¨lko¨ylu¨og˘lu & Du¨gel, 2004; Ku¨lko¨ylu¨og˘lu & Vinyard, 1998 Mezquita, Griffiths, Domı´nguez, & Lozano-Quilis, 2001; Ruiz, Gonza´-lez-Regalado, Borrego, Abad, & Pendo´n, 2004) . Although the idea of using ostracods as bioindicator species is critical, it requires detailed knowledge of the relationship between ecology of species and their spatial distribution. Without adequate knowledge, the concept of using ostracods as bioindicators may result in spurious conclusions.
Almost nothing is known about the ecological preferences of spring-dwelling ostracods in Turkey. Therefore, this study aims (1) to contribute the knowledge on the ecology of these ostracods in three types of spring, (2) to outline their seasonal differences in each spring, and (3) to focus on the importance of ostracods as bioindicators.
Material and methods
The three springs studied are located around Lake Aladag˘(40136 0 264 00 N 31140 0 514 00 E, at 1347 m), 30 km south of Bolu (Fig. 1) . Among the three springs sampled monthly from May 2003 to June 2004, spring one was defined as rheocrene, spring two was limnocrene and spring three was helocrene (Table 1) . The area around the springs is dominated with pine trees (Pinus sylvestris) and annual plants, and is a well known with tourist attraction that introduces a continuous anthropogenic influence. Each spring has its own environmental characteristics; both rheocrene and limnocrene springs were present all year around, but the helocrene spring occurred only from October 2003 to the end of June 2004, and dried out during rest of the study period. Because of harsh winter conditions during the months (January-March) of the year 2004, sampling was not possible. There was no macrophyte growth in the shallow (ca. 15 cm of depth) and stagnant helocrene spring (70 cm in diameter), where bottom substrate consists of 70% silt and 30% coarse sand. In contrast, although we did not measure the actual water current, rheocrene spring was slowly flowing at about laminar rate, where the source of the spring bottom includes 60% very coarse sand, 30% silt and 10% fine gravel covered by water-cress and some other macrophytes. The limnocrene spring has about 15 cm of depth with 50 cm of diameter. The spring bottom compromise about 60% silt, 30% sand and 10% of clay particles covered with about 50% of macrophytes.
Monthly samples were taken from each spring with a Mu¨ller hand net (250 mm mesh size) and were fixed in 70% alcohol in situ. Then after, material was filtered under tap water with standardized sieves (0.25:0.50: 1.0:2.0 mm in mesh size, respectively). Ostracod samples and other invertebrates were separated from each other under a stereomicroscope and fixed again in 70% of alcohol. Specimen dissection was done in lactophenol solution and mounted in a permanent slide. The taxonomic investigation was done based on adult individuals soft body parts and valve morphology following taxonomic keys of Meisch (2000) and the index of bibliography of nonmarine ostracods of Kempf (1997) .
A total of seven different variables were measured in study site: dissolved oxygen (DO (mg/L)), percent oxygen saturation (%S), salinity (Sal (ppt)), water temperature (t (w) (1C)), electrical conductivity (EC (mS/cm)), pH, and redox potential (Eh (mV)). YSI-85 DO-meter was used to measure DO, (%S), Sal, t 1C, and EC, while Eh and pH were measured with Hanna HI-98150 pH/ORP meter. Coordinates and elevation were determined with a geographical positioning system (GPS Garmin-45XL).
Species-environmental relationship was examined by using canonical correspondence analysis (CCA) where five environmental variables with six species found in 12 months were used. Also, to delete arch-effect and multicolinearity, rare species were downweighted and taxa encountered less than two were excluded from the analyses (Ter Braak 1986 . Species estimated optimum (uk) and tolerance (tk) values were calculated following the application of De Almeida and Gil (2001), Birks, Line, Juggins, Stevenson, and Ter Braak (1990), Ter Braak and Barendregt (1986) , and Ku¨lko¨ylu¨og˘lu and Du¨gel (2004) . By calculating the tolerance and estimated optimum values of a species, it is possible to reconstruct past historical environmental conditions in a particular habitat (Birks, 1995) . Taxonomic assemblages of six species were examined with a clustering analysis of unweighted pair group mean averages (UPGMA). All statistical analyses were conducted using the multivariate statistical package (MVSP) program version 3.1 (Kovach, 1998) and SPSS program version 11.01.
Results
Six ostracod species (Psychrodromus olivaceus, Potamocypris villosa, Ilyocypris inermis, Candona candida, Candona neglecta, and Cypridopsis vidua) were found in all three kinds of springs. Of these, there was a continuous occurrence of I. inermis in the limnocrene spring for each month, and P. olivaceus was common in all three springs. The remaining four species were recovered from the helocrene spring in fall, winter, and spring seasons. Based on the species binary (presence/ absence) data, UPGMA dendrogram separated three main clusters. Two species (C. vidua and C. candida) were found together in the first cluster, while second cluster comprised only one non-swimming species, I. inermis, and the third cluster had three other species (P. olivaceus, C. neglecta, and P. villosa), of which the first two are also non-swimmers. The Pearson correlation analyses showed a strong negative relationship between C. neglecta and water temperature (r ¼ À0.607, Po0.05), when other species did not show any significant correlation to any of those environmental variables used (P40.05). However, seasonal occurrence of P. olivaceus and C. neglecta (r ¼ 0.750) and P. villosa and C. candida (r ¼ 0.850) was strongly related. CCA, explaining 80% of the relationship between six species ARTICLE IN PRESS and five environmental variables, showed all species located closer to the center of the dendrogram. This may imply high tolerance levels of ostracods to environmental variables, suggesting cosmopolitan characteristics of these species (but see discussion below). Although results indicate similar occurrences among species, differences can be identified between ecological tolerances and requirements of some species.
Discussion
Species were clustered in UPGMA dendrogram (Fig. 2) although they are in different taxonomic groups. For example, C. vidua and C. candida were found together in the first cluster even though they belong to different genera. Similarly, although the second cluster included only one rare non-swimming species, Ilyocypris inermis, three species belonging to three genera (P. olivaceus, C. neglecta, and P. villosa) were found in the third cluster, of which the first two are also non-swimmers. According to classic ecological view, complete competitors cannot coexist (Hardin, 1960) . If this is correct, the occurrence of ostracod species may imply that the species in each cluster do not complete with each other, even though they were encountered in the same place at the same time. This also suggests that the ecological preferences of each species may vary depending on species-specific characters (Ku¨lko¨ylu¨og˘lu, 2003; Ku¨lko¨ylu¨og˘lu & Vinyard, 2000) . For example, C. vidua a cosmopolitan species is known to have high tolerance levels to different environmental variables (Ku¨lko¨ylu¨og˘lu, 2000) . Indeed, in the CCA ordination diagram, the species was located closer to the center (Fig. 3) and did not show any significant correlation to the variables used in this study (Table 2) . However, occurrence of this species can be related to saline environments (Mezquita, Tapia, & Roca, 1999) or in some cases destruction of aquatic habitats (Ku¨lko¨ylu¨og˘lu, 2005) . Scharf (1998) emphasized that the disappearance of C. vidua in Lake Arendsee was coincidental with the destruction of submersed macrophytes by pollution. During our study, we did not observe any macrophyte growth in the helocerene spring where conductivity and salinity values were found between the minimum and maximum ranges reported earlier in the literature (Ku¨lko¨ylu¨og˘lu, 2000) .
ARTICLE IN PRESS
Another species occurred in the first UPGMA diagram was a bisexual species, C. candida. Like C. vidua, this species has been commonly reported from variety of aquatic habitats in Turkey. C. candida was generally found in the undisturbed springs in Finland, where it preferred cool waters (Sa¨rkka¨et al., 1997) . Although the species was recorded as euchronal, occurring all year around, in both natural and manmade lakes (Keyser & Nagorskaya, 1998; Ku¨lko¨ylu¨og˘lu, 2004; Yılmaz & Ku¨lko¨ylu¨og˘lu, 2006) , it was encountered only twice in both helocrene and rheocrene springs. Owing to its cool water preference, the species was called as oligothermophilic (Hiller, 1972) . During our study, the species was also found at cool (ca. 13 1C) water temperature (Table 1) , confirming previous records. Although its geographical distribution is rare in Turkey, I. inermis was frequently recorded from limnocrene spring where the minimum and maximum water temperature ranged between 5.7 and 17.6 1C (average 14.13 1C). The CCA diagram (Fig. 3 ) displayed a positive relationship between the occurrence of I. inermis and two variables (redox potential and temperature), and a negative correlation to DO and pH. This implies that I. inermis can be found in waters with lower oxygen content and low to moderate pH. Among the six species, I. inermis had the highest optima (uk ¼ 14.08) and the lowest tolerance (tk ¼ 2.54) values to water temperature (Table 3 ). This species was reported from cold waters with less conductivity, corresponding to low salinity (Meisch, 2000; Mezquita et al., 1999) , whereas the Pearson correlation analysis (Table 2) failed to show any significant relationship to those variables used in the present study. Overall, results suggest that the ecological tolerance levels of I. inermis seem to be larger than previously known. However, due to the rare occurrence of the species, ecological data is insufficient to be certain of this idea at the moment.
There are three species (P. villosa, C. neglecta, and P. olivaceus) clustered in the third UPGMA diagram. While two species (P. villosa and C. neglecta) were only encountered in helocrene spring, the bisexual populations of P. olivaceus were reported from all three types of springs. Roca and Baltana´s (1993) stated that C. neglecta is a cold stenothermal and oligothermophilic species. Meisch (2000) pinpointed that this species can withstand increased water temperature, and can inhabit hypoxic conditions, where oxygen concentration drops to as low as 3 mg L À1 in summer. The distribution of C. neglecta is well known in Holarctic regions with its wide tolerance to cold and organically rich habitats (Mischke, 2001 ). This finding is partially supported with the present study that C. neglecta showed highest optimum (uk ¼ 9.08) levels to DO (Table 3) . According to the Pearson analyses, this was the only species that showed a significant negative correlation (r ¼ À0.607, Po0.05) to water temperature. Furthermore, based on the CCA diagram (Fig. 3) , C. neglecta may have wide tolerance ranges (euryecious) to different environmental variables. If so, this corresponds to its cosmopolitan characteristics. P. villosa was recorded from helocrene spring while P. olivaceus was common in all three stations. Previously, P. villosa was known from several lakes and ponds in Turkey, but it is a new record for the Bolu region. This species is almost cosmopolitan distribution (Baltana´s, 1992) . This is supported by the position of the species close to the center of CCA diagram (Fig. 3 , Table 4 ). In addition, the species also shows a specific relationship to different environmental variables. For example, it was negatively correlated with temperature, pH and conductivity of water while it prefers oxygen rich water. Among the six species reported here, P. villosa had the highest optima estimates for conductivity and salinity (uk ¼ 120.16 and 0.08, respectively) (Table 3) . Roca and Baltana´s (1993) and Mezquita et al. (1999) pointed out that P. villosa is a cold stenothermal species, especially found at higher altitudes (4600 m). The present study partially confirms these results and also indicates high tolerance levels of the species although its preference tends to be found in the freshwater ranges. P. olivaceus is usually found in springs or ponds connected to springs with moderate temperature. Pearson analyses (Table 2) showed a significant (Po0.01, r ¼ 0.750) correlation between occurrence patterns of this species and C. neglecta. Ecological variables controlling P. olivaceus are poorly known, but earlier records reveal that most of the species of this genus generally prefer cold slow running waters and/or freshwater habitats (e.g. springs) (Baltana´s, 1992; Baltana´s, Danielopol, Roca, & Marmonier, 1993; Meisch, 2000) . Although it is generally considered to be a parthenogenetic species, males have been reported from Turkey (Gu¨len, 1985) . During our study, we also found males and females from all three springs where average temperature was about 13 1C with relatively high DO 7.26 mg L À1 , but low conductivity as 116.83 mS cm À1 . Recently, Ku¨lko¨ylu¨og˘lu (2004) reported this species from an undisturbed creek in the city of Bolu (Turkey), where temperature was 20.2 1C, DO 11.28 mg L À1 with relatively high conductivity at 677 mS cm À1 . Griffiths & Evans (1991) pointed out that P. olivaceus was one of the most tolerant species among other Psychrodromus species found in springs and fastflowing streams and in lakes. Correspondence analysis confirmed that P. olivaceus has a wide tolerance range for different environmental variables as being euryecious species. However, optima and tolerance estimation analyses (Table 3) showed the opposite. Moreover, Meisch (2000) described ecological characteristics of this species as oligothermophilic, mesorheophilic and euryplastic. Consequently, P. olivaceus may have a broader cosmopolitan distribution if suitable environmental conditions are provided.
Finally, despite the fact that occurrence patterns of some species were similar, ecological preferences of each species may depend on species-specific characters, including biology and evolutionary history. Besides, species with cosmopolitan distribution usually have high tolerances. Thus, knowledge of the ecological requirements of ostracods can be critically important because species that leave fossil remains can be used to For abbreviations, see Table 1. reconstruct past historical conditions, estimate current habitat qualities, as well as predict future changes in aquatic habitats. Such an approach corresponds with the idea of using ostracods as indicator species. However, this requires an understanding of (i) ecological requirements and tolerance levels of individual species and (ii) the occurrence patterns (seasonality) of species in particular habitats. Yet, these are both poorly known for many ostracod species. Consequently, the value of ostracods as indicator species is not fully understood enough and requires more detailed studies.

